Abstract: Use of zeotropic refrigerant mixtures introduce a number of novel issues related to vapour compression systems used in refrigeration and air conditioning industry. Certain attributes associated with evaporation and condensation behaviours of zeotropic mixtures are responsible for most of these. This paper discusses how the mixture attributes influence the established practices, design and operation of conventional vapour compression systems.
Introduction
Invariably, the change over from pure to mixture refrigerants demand reassessing and revising many established practices associated with vapour compression systems. Thermodynamic and heat transfer behaviour is one of the important aspects in this context. Further, influences of two special attributes of mixtures; temperature glide (TG) and composition shift (CS), too require detailed attention. These two attributes exert significant influence on heat transfer behaviour [3] to the extent that errors of omitting the effects in heat exchanger design can be substantial. On the other hand, with appropriate system design, the two attributes contribute towards improving, and optimizing system performance. A conceptual discussion on issues and implications of using refrigerant mixtures in vapour compression systems forms the theme for this paper.
Background -refrigerant mixtures
Evaporation or condensation of a pure fluid is isothermal. However, a mixture with two or more components exhibits non-isothermal phase change behaviour. For example, start and finish of evaporation of a mixture occur at bubble point and dew point temperature respectively. Fig. 1 shows this behaviour for a binary mixture. During phase changing process, the vapour phase is enriched with more volatile components, while the liquid phase is depleted of the same component(s) of the mixture. However, evaporator will not usually have the full glide corresponding to the operating pressure, due to the fact that the refrigerant is most likely to be in the two-phase state when entering the evaporator.
One implication of temperature glide is that at equal degree of condenser subcool (Fig. 4, point  7) , with mixture a relatively larger portion of the refrigerant has evaporated during the isenthalpic expansion process. This means the vapour quality at evaporator entry (Fig. 4, point 1) is relatively higher when mixtures are used and it limits the amount of useful cooling the evaporator can do. Further, setting of cut-in and cut out temperatures of the compressor (controls) needs to take into account the magnitude of TG to achieve trouble free co-ordination between compressor and the rest of the system. Further, non-linearity could influence or limit the potential for decreasing the temperature differences at inlet/outlet, and may lead to increased heat transfer area requirement to achieve a desired capacity. Errors in the order of 50% in the heat exchanger area estimate could occur due to use of conventional LMTD method with non-linear mixtures [14]. 
Shift in circulating composition

• Capacity control
As indicated above, in normal system operation, the circulating mixture composition within the system is different to the original composition. In other words, if the running composition can be varied, the thermodynamic properties of the mixture can be altered providing an additional means of controlling the capacity.
Different methods can be employed to achieve the necessary changes in running composition. However, all these can be classified under two generic categories. Active systems, which use rectification, and passive systems that use accumulators [20] .
Systems using passive techniques require a large amount of refrigerant charge and the potential of composition change is theoretically limited between dew and bubble line compositions [21] . Usually, the variation of composition resulting from refrigerant staying in various system components such as a liquid receiver or an accumulator is manipulated to change the system capacity with this method [20] . On the other hand, the achievable limit of capacity control in active systems depends on the effectiveness of rectifications and distillation process implemented within the system. 
• Boiling and evaporation
The presence of more than one component in mixture refrigerants changes the superheat required to initiate and sustain nucleation [23] . This change in the effective superheat is the main and the most complex contribution to the HTC degradation of mixtures [24] . It has been suggested that the mixture HTC is a function of the overall composition, and the physical properties account for 80% of heat transfer degradation seen in mixtures; the other 20% is considered to be due to the mass transfer resistance in convective region [28] . Degradation of HTC is also enhanced due to the non-linear mixture property behaviour. Further, the effect of mass flux has a large influence on the HTC due to the change in mass transfer resistance caused by the depletion of the more volatile components. 
